in absentia, read by Dr. R. H. Roberts): Some aspects ofthe clinical pharmacology ofcurare.-Curare is a crude plant extract obtainable from a number of species of tropical liane; it is of varying composition and totally unfit in its crude state for clinical use. It contains a number of alkaloids, some of which paralyse skeletal muscle by a myoneural block, others with a central convulsant action, and others with a lissive or -relaxing action on spastic muscle. It is therefore incorrect to use the term curare when referring to a preparation employed to block neuromuscular conduction. Clinically the only alkaloid of interest in preparations of curare is d-tubocurarine chloride, which is occasionally misnamed curarine, which is quite a different alkaloid. In clinical doses d-tubocurarine chloride has practically no action other than the property of paralysing skeletal muscle by blocking conduction at the myoneural junction. Two preparations obtained from crude curare are available for clinical use. One is Intocostrin, a purified curare extract obtained from the South American liane Chondrodendron tomentosum. This preparation owes its curariform action, i.e. ability to produce a myoneural block, almost entirely to the d-tubocurarine chloride present. Pure d-tubocurarine chloride is available stabilized as a solution containing 10 mg. per ml. under the name Tubarine. Both intocostrin and d-tubocurarine chloride are free from the undesirable side effects of some of the alkaloids in crude curare. Intocostrin is standardized in units of a standard preparation of curare (002 gramme per ml.) and not by its content of d-tubocurarine chloride. This has sometimes caused some confusion in dosage when changing from one drug to the other. Assayed by the rabbit head-drop crossover method 6-67 units of intocostrin are equivalent in activity to 1 mg. of pure d-tubocurarine chloride. There is some difference of opinion, however, whether this ratio holds in clinical practice. I have always considered that clinically the ratio is more like 3 0 to 3-3 units of intocostrin to 1 mg. of the pure alkaloid, but it is difficult to make an exact comparison in anesthetized subjects, as one cannot be certain of the part played by the anasthetic and one has no absolute measurement of relaxation in the unconscious subject.
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[April Il, 1947] DISCUSSION ON FURTHER EXPERIENCES WITH CURARE Dr. Frederick Prescott (in absentia, read by Dr. R. H. Roberts): Some aspects ofthe clinical pharmacology ofcurare.-Curare is a crude plant extract obtainable from a number of species of tropical liane; it is of varying composition and totally unfit in its crude state for clinical use. It contains a number of alkaloids, some of which paralyse skeletal muscle by a myoneural block, others with a central convulsant action, and others with a lissive or -relaxing action on spastic muscle. It is therefore incorrect to use the term curare when referring to a preparation employed to block neuromuscular conduction. Clinically the only alkaloid of interest in preparations of curare is d-tubocurarine chloride, which is occasionally misnamed curarine, which is quite a different alkaloid. In clinical doses d-tubocurarine chloride has practically no action other than the property of paralysing skeletal muscle by blocking conduction at the myoneural junction. Two preparations obtained from crude curare are available for clinical use. One is Intocostrin, a purified curare extract obtained from the South American liane Chondrodendron tomentosum. This preparation owes its curariform action, i.e. ability to produce a myoneural block, almost entirely to the d-tubocurarine chloride present. Pure d-tubocurarine chloride is available stabilized as a solution containing 10 mg. per ml. under the name Tubarine. Both intocostrin and d-tubocurarine chloride are free from the undesirable side effects of some of the alkaloids in crude curare. Intocostrin is standardized in units of a standard preparation of curare (002 gramme per ml.) and not by its content of d-tubocurarine chloride. This has sometimes caused some confusion in dosage when changing from one drug to the other. Assayed by the rabbit head-drop crossover method 6-67 units of intocostrin are equivalent in activity to 1 mg. of pure d-tubocurarine chloride. There is some difference of opinion, however, whether this ratio holds in clinical practice. I have always considered that clinically the ratio is more like 3 0 to 3-3 units of intocostrin to 1 mg. of the pure alkaloid, but it is difficult to make an exact comparison in anesthetized subjects, as one cannot be certain of the part played by the anasthetic and one has no absolute measurement of relaxation in the unconscious subject.
There have been many conflicting statements made on the pharmacology of curare preparations. This is because sometimes a preparation of unknown potency and composition has been used and has been referred to as "curare", sometimes the writer has used intocostrin and sometimes d-tubocurarine chloride; moreover the experimental animals have included all those found in the pharmacological laboratory as well as man; the dosage has varied enormously; sometimes the drug has been given with an anmsthetic, and sometimes without; and the route has varied. Little wonder is it that statements on "curare" are so contradictory.
d-Tubocurarine chloride belongs to a group of compounds known as quaternarv ammonium salts, which, in general, exhibit the property of paralysing neuromuscular conduction at the myoneural junction. According to Gross and Cullen (1945) the curariform AUG.-ANIESTH. 1 drugs act anywhere in the nervous system where acetylcholine is the chemical mediator.
The paralysing action of the preparations used clinically is relatively brief as they are rapidly eliminated or destroyed. In man the order in which the muscles are affected after curarization is, as Lucas points out, in the order of their phylogeny. The muscles supplied by the cranial nerves are affected first (face, neck), then those of the limbs, back muscles, abdomen, intercostals, and finally the diaphragm. After intravenous administration an effect on the eye muscles can be perceived within a minute, but the peak of curarization occurs in three to five minutes. If respiratory paralysis is going to occur it will do so within 7-10 minutes of intravenous injection. Recovery of muscle function occurs in the reverse order to which it is lost. After therapeutic doses the limbs can be moved after 30-45 minutes, but residual paralysis of the ocular muscles, causing ataxia, may last for several hours. Patients who have had curare-controlled electrical convulsion therapy appear to recover more rapidly, e.g. they can walk an hour afterwards (Hobson and Prescott, 1947) .
The curariform action of intocostrin and d-tubocurarine is reversed by prostigmin and eserine, and also in the isolated muscle by washing out with saline. In man I have never been impressed with the action of prostigmin as an antagonist of curarizing drugs in the doses recommended, i.e. I to 2 mg. According to Dr. Trevan (personal communication) the action of 30 ptg. of d-tubocurarine chloride is reversed by 10 pg. of prostigmin in the guinea-pig. If a comparable ratio applies to man at least 10 mg. would be required to reverse the dose of d-tubocurarine chloride that produces diaphragmatic paralysis. Cole (1946) in his experiments on dogs was unable to reverse the effect of large doses of intocostrin with prostigmin. Ephedrine is said to potentiate the action of prostigmin (Koppanyi and Vivino, 1944) , but this has not been confirmed in man. It is also necessary to give atropine when prostigmin is administered to prevent the stimulating action of the latter on the parasympathetic nervous system. It is an apparent paradox that acetylcholine and prostigmin can, in high concentrations, exert a curariform effect and that curare-like drugs can, under certain conditions, produce muscular contraction (Mcintyre and King, 1943) .
The antagonism of curariform drugs and prostigmin would be easy to understand if it could be shown that the former could increase the activity of cholinesterase, the enzyme that hydrolyses acetylcholine. The literature on this is most conflicting, the bulk of the evidence, suggesting that d-tubocurarine chloride has a slight inhibiting action on cholinesterase (Harris and Harris, 1944) . Curare-like drugs form a block at the myoneural junction possibly by combining with the receptor substance in the muscle. They do not interfere with the production of acetylcholine.
Acetylcholine appears to be a chemical mediator necessary for the transmission of nerve impulses through the ganglia of the autonomic nervous system, and the view is now held that, in the experimental animal at any rate, curariform drugs are capable of acting anywhere in the nervous or muscular system where acetylcholine is the chemical mediator. There is also evidence that they block peripheral response to vagal stimulation (Mautner and Luisada, 1941) .
That ether has a curariform action was noted as far back as 1914. This was confirmed in 1943 by Gross and Cullen, who showed that ether intensified the action of d-tubocurarine chloride in the dog. They also showed that pentothal had a curariform action, but only in very high blood concentrations. Clinically it is important when giving curare-ether anasthesia to limit the dose of the curarizing drug to one-half to one-third that used with other anmsthetic agents.
There is considerable difference of opinion on the effect of curare-like drugs on the central nervous system in animals. Crude preparations used in the earlier studies apparently had a convulsive action on the cerebrospinal axis. Fegler (1942), employing crude curare preparations in anaesthetized dogs, concluded that curare first stimulates and then depresses the respiratory centre, and Cohnberg (1946) , using a number of animals, states that d-tubocurarine chloride and intocostrin stimulate the central nervous system in a number of species and produce convulsions in rats. According to Pick and Unna (1945) the dose of d-tubocurarine chloride just sufficient to paralyse the skeletal muscle of the frog has no effect on the electro-encephalogram, although a larger dose (4 mg./kg.) does; they suggest that the drug blocks the synapses of the central nervous system. More recently Mcintyre et al. (1946) claimed that d-tubocurarine chloride in doses insufficient to abolish respiratory movements produced central depression in dogs as shown by the electro-encephalogram. An experiment was recently performed on a human volunteer given 75 mg. of d-tubocurarine chloride over a period of forty-five minutes (Smith et al., 1947) . This dose is two and a half times that likely to produce complete respiratory paralysis. The subject was given artificial respiration immediately so that any effects produced could not be attributed to anoxia. The blood-pressure and pulse-rate underwent no significant change. There was, however, Section of Anesthetics a sense of choking and shortness of breath, although controlled respiration was given throughout the experiment. There was no loss of consciousness, no clouding of the sensorium, no change in visual acuity and smell. The sensations of pain and touch were normal, memory was unimpaired and the electro-encephalogram and electrocardiogram were unaffected. It was, therefore, concluded that d-tubocurarine chloride has no significant central stimulant, depressant or analgesic action in man. These observations confirm those of Kellgren et al. (1946) and . It would appear from this that the unconsciousness produced in surgical patients by Whitacre and Fisher (1945) by injecting very large doses of intocostrin was due to anoxia.
According to Cole (1946) and Perlstein and Weinglass (1946) there is a lethal dose of intocostrin even under controlled respiration. In experiments on dogs Cole found that the fatal non-anoxic dose was 23-3 units per pound; this is far greater than would ever be used clinically (maximum 07 unit per pound). He states that such large doses affect the cardiovascular system and produce a fall in blood-pressure, although Gray (1946) states that d-tubocurarine chloride, even in large doses, has no effect on the cardiac output or venous pressure in the dog heart-lung preparation. The cause of death in the dogs was obscure, but it was probably not due to any interference with oxidation systems in muscle or nerve (Featherstone and Gross, 1947) . In man intocostrin and d-tubocurarine chloride appear to have no effect on the cardiovascular system in clinical doses. Anasthetic deaths due to intocostrin and d-tubocurarine chloride have been reported, but post-mortem findings have been published in only one case. In two cases death occurred several hours after the injection, and in both of them there was massive pulmonary collapse. Do curare-like drugs cause bronchospasm? West (1935) refers to bronchospasm in dogs produced by a curare extract of unknown origin, and Cole (1946) reported difficulty in inflating dogs immediately after injecting large doses of intocostrin. A histamine effect on the bronchi cannot be excluded, as Comroe and Dripps (1946) have described the formation of histamine-like wheals after injecting intocostrin and d-tubocurarine chloride intracutaneously in man, and the production of histamine has also been observed after the injection of d-tubocurarine chloride into animals (Schild, 1947) . 1 believe there is a danger of bronchospasm in man if the patient is lightly anesthetized or conscious, and if the dose of the curarizing drug is on the low side, e.g. 15 mg. d-tubocurarine chloride. I have seen it occur in a conscious volunteer injected with this drug and in three mental patients who were very lightly narcotized with pentothal. The most effective treatment in these three cases was to administer more pentothal or more d-tubocurarine chloride.
In the dog it is stated (Gross and Cullen, 1945 ) that d-tubocurarine chloride causes relaxation of the smooth muscle of the small intestine, due in part to a direct action on the effector cells of the muscle. In the patient submitted to surgery the effect of the drug cannot be separated from that due to the drugs used for premedication and anaesthesia. In operations under cyclopropane or gas and oxygen supplemented by a curarizing agent the gut appears contracted (Griffith, 1945; , but Gray (1946) states that with barbiturate anesthesia this does not often occur. d-Tubocurarine chloride and intocostrin are rapidly metabolized after administration. Some of the drug is excreted by the kidneys, either unchanged or in a form still capable of curarizing. Urine obtained within an hour or so after the administration of 30 mg. of d-tubocurarine chloride in man has a curarizing action. This rapid elimination suggests that slow administration by an intravenous drip is unsatisfactory. This has been confirmed by slowly administering a curarizing dose of d-tubocurarine chloride (30 mg.) to a volunteer over a period of half an hour (1 mg. per minute). Paralysis was incomplete, and ten minutes after receiving the drug the subject was able to sit up. The same dose given rapidly intravenously produced respiratory paralysis . If curarizing drugs are given by an intravenous drip a dose sufficient, or nearly sufficient, to curarize must be given; then curarization may be maintained by the drip. There is some difference of opinion whether a curarizing dose of drug should be given all at once intravenously owing to the danger of respiratory paralysis. A committee appointed by the Medical Research Council suggests that not more than 10 to 15 mg. of d-tubocurarine chloride should be administered at once and that after a pause to observe the effect on respiration another dose can be given subsequently. Some authorities, e.g. Gray and Halton (1946) and Knight (1946) recommend the use of fractional doses of a curarizing drug and a barbiturate, which are given intermittently throughout the operation. It should be remembered that the buffered solution of d-tubocurarine chloride cannot be mixed together with a soluble barbiturate; in the same syringe as precipitation occurs. Two separate syringes must be used.
There is just one further pharmacological property of intocostrin and d-tubocurarine chloride that is of clinical interest: they both produce salivation. It is therefore advisable Proceedings of the Royal Society of Medticine 32 for the patient to be atropinized (atropine sulphate, gr. 1/100 to 1150) if these drugs are given. In the case of patients undergoing curare-modified electrical convulsion therapy the atropine is given intravenously at the same time as the curarizing drug (Hobson and Prescott, 1947) .
Finally there is one maxim to be followed whenever a curarizing drug is used: Keep the patient breathing.
Dr. Geoffrey Organe: Purther experiences with d-tubocurarine chloride.-Some years ago I produced a number of case records carefully selected to show that perfect results could sometimes be achieved in spite of prolonged anesthesia. To-day my records are selected to show that the results of using d-tubocurarine chloride in anesthesia are not always all that could be desired. I do not want to convey the impression that I would wish to abandon its use, particularly as Dr. Prescott and I did the first experimental work on the preparation now known as tubarine. I do feel, however, that our early clinical reports have been coloured with roseate enthusiasm.
My equanimity was first disturbed by the development of what seemed an unduly large number of serious post-operative chest complications. We have followed them with some care in 86 patients having abdominal operations. It seems to be a fairly general experience that the frequency of any complication increases with the care of the follow-up. My figures must, therefore, be discounted to some extent for comparison.
There were, among these 86, 24 patients with major and 15 with minor chest complications-a sobering experience. Of the first group 12 developed lobar collapse, usually bilateral, one bronchopneumonia, one a subphrenic abscess with pleural effusion, one a pulmonary infarct and 9 a cough with fever and much sputum. I have tried to relate these to the accompanying anesthetic agent or to the technique of its administration, without success. All are incriminated: Ether, cyclopropane, nitrous oxide, pentothal, semi-closed and closed. There seems to be no relation to the degree of respiratory depression at operation or to extreme degrees of cardiovascular depression. The only significant factor was tracheal intubation. In a group of 59 having upper abdominal operations, 11 of 15 patients intubated developed chest complications compared with 20 of 44 not intubated. The only explanations that occur to me are a tracheitis and the possibility of a reflex bronchospasm due to the presence of the tube in the trachea. I have no evidence of either. I have only once seen a patient with symptoms suggestive of bronchospasm and his recovery was uncomplicated. The incidence is higher in men than in women; it is higher, too, with upper abdominal than with lower abdominal operations. All 12 cases of lobar collapse were in a group of 36 men having upper abdominal operations.
One patient died of bronchopneumonia, one of the original disease, and one was later found to have early bronchiectasis. The others appeared, at the time Qf their discharge (which was not delayed in any case), to have recovered completely. I should add that, using small doses of tubarine, we rarely assist respiration.
I have found tubarine valuable in the relief of laryngeal spasm but the dose which will produce the ideal result of quiet spontaneous breathing is variable. Roughly, an adult will need 10 mg. in the first plane of the third stage of anesthesia and 5 mg. in the second plane.
I anaesthetized a tall red-headed young man for a sublabial antrostomy. He had a healed tuberculous focus in the apex of the right lung and a basal bronchiectasis following influenzal pneumonia three years previously. He produced 2 drachms of sputum daily. He had, also, a high arched palate, protruding teeth and an underslung lower jaw. Pentothal 1 gramme failed to relax his jaw, so cyclopropane was added. Attempted laryngoscopy produced severe laryngeal spasm which made it impossible to give more cyclopropane. Tubarine 10 mg. intravenously gave immediate relaxation of the cords and chest wall and he started to breathe quietly. Laryngoscopy was achieved with some difficulty, he was intubated and his trachea sucked out at leisure before continuing. There were no further complications during operation or recovery.
I gave another man, weighing 175 lb., pentothal 0 5 gramme followed by nitrous oxide, oxygen and ether. He moved at a premature incision. Rushed introduction of ether caused much coughing and a persistent stridor which would not respond to any of the usual remedies. After twenty minutes, with anmsthesia in the second plane, I injected tubarine 5 mg.-into the external jugular vein. He was quiet in twenty-five seconds, with shallow breathing and a tendency to cyanosis. Tracheal tug was well marked from ten to twenty minutes afterwards. There was an expiratory wheeze, probably bronchial, from twenty-two to twenty-seven minutes and at thirty-one minutes stridor returned.
Tubarine does not always prevent laryngeal spasm.
I gave a man, aged 56, pentothal 1 gramme and tubarine 10 mg. He was not apnoeic. Attempted nasotracheal intubation with a laryngoscope (he was edentulous) produced severe laryngeal spasm and some cyanosis. This was relieved by spraying cocaine on to the cords down the laryngoscope. Although the cords were in spasm, the pharynx and jaw were well relaxed and I had an excellent view.
I have noticed frequentlv that where tubarine is used with pentothal there is less tendency to apnoea than would have been expected with the same dose of pentothal alone. I wondered whether the effect of pentothal might be due not merely to medullary depression but to an active reflex inhibition of respiration which is prevented by the tubarine.
I have previously decried [1] the use of tubarine for bronchoscopy and cesophagoscopy but I must retract. Bronchoscopy is made to look easy at the hands of the relatively inexpert. (Esophagoscopy with pentothal alone is a dangerous operation owing to the difficulty of maintaining a clear airway. With tubarine as well I have had no anxiety. The airway remains clear and the patient breathes quietly. The passage of the cesophagoscope through the relaxed pharyngeal sphincters is made much more easy and therefore, I think, less traumatic. I use, in adults, tubarine 15 mg. with pentothal as required, the dose varying from 0-4 to 1 g.
The effects of tubarine on the cardiovascular system are not quite clear to me. The skin vessels are commonly dilated, the face is often seen to be flushed and bleeding is increased. Pallor is not a common accompaniment of blood-pressure fall but I have once noted it in a man with normal blood-pressure.
From a group of blood-pressure charts I found a serious drop (systolic at 80 mm.Hg or less at the end of operation) in seven. These included an excision of rectum, two prostatectomies, one hysterectomy, an amputation through the hip-joint accompanied by severe haemorrhage, and two upper abdominal operations, in one of which the pre-operative pressure was only 90/50. In 17 the blood-pressure remained steady. One was an amputation through the thigh, 6 were operations in the lower abdomen including 3 colectomies, and 10 were upper abdominal. 11 showed a rise in blood-pressure at the end of the operation, all upper abdominal. One of 7 in the first group, 7 of 17 in the second and 8 of 1 1 in the third were on carbon dioxide absorption, suggesting that deficient absorption may have been a factor. On the other hand, the rising proportion of upper abdominals may mean that curarization was more complete and tidal volume of respiration less adequate.
It has been suggested, and I have thought myself, that the steadiness of blood-pressure and pulse-rate in upper abdominal operations must be due to some protective action of curare against noxious stimuli. On the other hand, good muscular relaxation gives good access and trauma may be negligible. Equally good results may be had with pentothal, nitrous oxide and intercostal nerve block without splanchnic block.
Surgical stimuli can, undoubtedly, produce a cardiovascular reaction. In abdominal operations the usual form is that of blood-pressure fall accompanied by slowing of the pulse. In one gastrectomy operative stimuli overcame the depression caused by a relative overdose of opiates with pentothal. The blood-pressure stabilized at 20 mm.Hg. above the pre-operative level. I have found, almost invariably, a fall in blood-pressure with retropubic prostatectomy, in one case to a level far below any I have seen in a similar operation. (A rise occurred within a few minutes of the intramuscular injection of ephedrine i grain.) The fall may accompany or follow the enucleation. In one case the pulse fell from over 80 to round 40 for 35 minutes (pentothal 0 35 gramme followed by nitrous oxide and ether: no clinical anox2emia); four hours later there was pulsus alternans with a regular rate of 100. In another case the enucleation was anticipated with a further injection of pentothal; here the fall was less marked. I have anxsthetized 3 patients for amputation through the thigh with only pentothal 0 5 gramme and nitrous oxide, using tubarine to hold them on the operating table. One showed an asphyxial rise of blood-pressure, due to shallow breathing, with accompanying extrasystoles. One showed a sharp transient fall in systolic and rise in diastolic pressure at the moment of severance. All three were exceptionally well after operation.
Pulse irregularities have been not uncommon. in one prostatectomy the pulse was steady until the onset of himorrhage from the prostatic bed when there developed signs of a sluggish peripheral circulation, with extrasystoles-presumably due to coronary anaemia. In another patient, undergoing gastrectomy, cyanosis was accompanied by a drop in pulserate from 60 to 34 and back within one minute.
Pulse-rate varies but is commonly steady in spite of wide alteration in blood-pressure. It may rise or fall with blood-pressure fall. The interpretation of these varying reactions is not clear to me.
Venespasm is a common accompaniment of severe blood-pressure fall with most anesthetic agents but is much less common where tubarine is used. In one case, although bloodpressure and pulse-rate were normal, the maximum rate of blood drip was only 40/min. Within five minutes of injecting tubarine 5 mg. the rate rose to 175/min. At the end of operation there was a severe fall in blood-pressure with change of posture. At this point, although the blood-pressure was at shock level (55/35), the blood transfusion dripped freely at 180/min.
In one patient with a low pre-operative blood-pressure (75/55) there was no change during anastomosis of the colon, lasting one hour.
There are two other cases of interest I should like to mention:
A man, aged 41, with perforated gastric ulcer, developed respiratory obstruction after pentothal 0'5 gramme and tubarine 15 mg. Attempted artificial respiration blew gas down the relaxed cesophagus through the gastric perforation into his open abdomen. Laryngoscopy showed a large piece of inspissated mucus obstructing his vocal cords. This was removed, a tracheal tube introduced, and all was well.
The other had his rectum removed and had been for nearly two hours in a steep Trendelenburg position. On the next day his pulse was 160/min., temperature 1010 F. and respirations quickened.
Breathing was distressed and bubbly. There was impaired percussion note and air entry at the left base, with generalized rales. Radiography showed collapse of the lower lobe with congestion on the other side. I bronchoscoped him and sucked out a lot of frothy mucus from the left side, the right being clear. There was no obvious clinical improvement and he died on the following day.
At post-mortem he was found to have an acute perforated ulcer in the aesophagus with another in the stomach. Gastric contents had entered the left pleural cavity and partly digested the left lung. There was a large amount of fluid in the right pleural cavity.
If I have made it clear that, because one is using tubarine, one must neglect none of the precautions usually undertaken with major operations I have accomplished my purpose.
Many of my records have been taken, without permission, from my colleagues. The arduous task of follow-up was undertaken by Dr. Ian English. There are many methods, all with their own special disadvantages of producing muscular relaxation. The latest one seems to require a concise label. For the purpose of the present discussion I propose to refer to the "Technique of Curarization of Muscles" or more shortly just to "Curarization" when I mean the production of muscular relaxation during light general aneesthesia by the intravenous injection of either curare or substances having effects similar to it.
There seems to be little doubt that the technique of curarization has very great value and should take its place amongst the rapidly increasing resources of the anaesthetist provided that great caution is used in the selection ofcases and in the dosage and manner ofadministration of curare to them in these early days. For it is early days even in reference to curare itself whilst the new substitute myanesin is as yet in its infancy.
Using curare, one is impressed with its potency and its efficiency, but on reading and hearing about curare one is impressed with the number of deaths which have occurred; too many amongst even the few thousand administrations which can have, as yet, taken place in this country. Before adopting any new technique I made it a rule to study with an acknowledged expert and, if possible, to use it under his supervision before attempting it alone. To assure that curarization takes the place it certainly deserves-I commend this course to any colleague of moderate experience proposing to employ it for the first time.
It is suggested by some that intocostrin is unreliable. I have used both tubarine and intocostrin in considerable quantity and still say that, dose for dose, I am unable to detect any significant difference in effect between the two substances. The effects of both vary from patient to patient according to many factors; but then so do the effects of pentothal, and many other drugs. This has to be taken into account always.
One of the most significant aspects of the advent of curarization is the possibility it offers in abdominal surgery of reducing the number of spinal anesthetics administered. There are, however, a few operations in which spinal is still the better method as, for example, in abdomino-perineal excision of the rectum, where maximal relaxation is vital. Few anmsthetists will deny that for the degree of relaxation it produces, spinal anesthesia is still unequalled. It is, however, attended by the serious danger of infection unlike intravenous injections. The sterility of the modern preparations of spinal anesthetics can be relied on but a very exacting aseptic technique is called for. This is difficult for the anesthetist to encompass in these times of shortage of nursing staffs. The hazard of other central nervous system sequele has been practically eliminated since the introduction of nupercaine, but the grave danger of meningitis can be readily appreciated by observing the steady increase in reported series of cases which has accompanied the great increase in popularity of spinal anesthesia in recent years.
All now agree that the lighter the plane of anasthesia the less the damage likely to be inflicted on the patient. Curare can be used satisfactorily in second plane anesthesia, and sometimes even in first plane anesthesia. Myanesin is even more advantageous in that it is usually adequate in first plane anmsthesia. Here is another advantage of curarization-the elimination of the need for deep soakings of the patient in general anesthetics to obtain adequate relaxation.
Stress has been laid on the advantage of curare to facilitate laryngeal intubation. I have been disappointed with it in this respect. I still prefer a rapid intubation following a carefully judged dose of pentothal; for it is only when curare and pentothal combined are used in doses which to my mind are unwisely big that intubation is reallylikely to be facilitated. I feel that initial doses of the order of 15 mg. of tubarine plus 0 5 gramme pentothal which means in effect 15 mg. given whilst the patient is in third or fourth plane anesthesia albeit temporarily, and which frequently produce complete flaccid respiratory paralysis, are not ordinarily justifiable.. I have found 10 mg., or even 5, of tubarine frequently adequate as an initial dose for the production of muscular relaxation after the patient has been stabilized in light second plane anesthesia, and these doses rarely if ever produce diaphragnzatic paralysis or more than fleeting intercostal paralysis. On the other hand even 15 mg. of tubarine plus 0 5 gramme pentothal is not infrequently insufficient properly to relax the vocal cords. The same argument in equivalent doses applies to intocostrin.
A number of house surgeons have spoken to me of the shock-like state that they have to deal with on occasions following the administration of curare. Twice has this been followed by a shock-like death. The doses of curare in some of those cases were higher than I personally have found wise. I have not myself seen this condition, but I consider it may be due in great part to a profound weakness of the respiratory muscles and loss of tonus (comparable to that seen in the apparently drowned) which causes not only anoxia even with "aided respiration" owing to the loss of elastic recoil but also a deficiency in the respiratory pump mechanism which is of such importance in maintaining an efficient filling of right heart. It is for this reason that I deprecate the use of big doses of curare, such as 20 to 30 mg. of tubarine to produce spectacular results; preferring the kloses 7 to 15 mg. of tubarine to produce reasonable and adequate relaxation and to keep the alternative spinal technique still in reserve for selected cases. I have not observed the shock-like state in any of my own cases. Myanesin, on the other hand, does not cause intercostal or diaphragmatic paralysis and I have not seen the shock-like state following its use, nor have the house surgeons above referred to.
SUMMARY
(1) Curarization has come to stay, and I think that myanesin will supersede curare for this purpose, because of its far gteater margin of safety (the dosage of curare is agreed to be very critical) and its simple organic synthesis.
(2) Although it would be an enormous advance if the need for intrathecal injections could be entirely dispensed with, to be able to reduce them to a minimum is a great advantage.
(3) Although I very rarely use ether, I am glad that I need no longer employ third or fourth plane general anmsthesia with any agent.
(4) Neither curare nor myanesin seems to me to be worth while to facilitate intubation. (5) Finally both substances need more caution in their administration thanwould appear to be exercised at present if a really splendid advance in the science ofanesthesia is not to run the risk of falling into disrepute. Dr. A. C. Forrester: After using curare in some 500 cases in Glasgow, the marked improvement noticed in the general condition of severely shocked abdominal cases led me to try curare in a short series of non-abdominal shocked cases. Tubarine was used in one of these cases requiring amputation of the leg, following a street accident. This patient had been treated for shock for some hours, and although he had had two pints of plasma and one pint of whole blood, his blood-pressure would not rise above 86/68. As the limb was turning gangrenous immediate operation became a necessity. During preparation for operation in theatre, nitrous oxide and oxygen (30%) was given and the systolic pressure became stabilized at 94 mm.Hg. Within five minutes of giving 10 mg. tubarine the B.P. had risen to 120/88, and the patient left the theatre with a B.P. 115/82. He looked well and made an uninterrupted recovery. This and similar cases confirm statements made elsewhere that curare protects against shock.
If the curarization is allowed to wear off while the anmsthetic is still very light, a condition clinically resembling shock is produced. This lack of curare can be easily demonstrated by the difficulty of inflating the lungs. If more curare is given the patient's general condition immediately improves. One of my cases was a hemicolectomy. Anesthesia was 0 5 gramme pentothal with nitrous oxide and oxygen and a trace of trilene (2 c.c. per hour given in a Rowbotham's chloroform bottle) with 20 mg. tubarine. After about forty minutes the effect of the curare passed off and the B.P. quickly fell to 80/70. The lungs were inflated with difficulty at this stage. Within five minutes of giving a further 10 mg. tubarine the pressure returned to 140/90. In my opinion this explains many of the reported cases of shock with curare. In other words, to prevent shock one must either produce deep general amesthesia or adequate curarization. If the operation is nearly finished it is probably more advisable to deepen the anesthesia so as to obviate the possibility of respiratory depression when the patient has returned to the ward.
(Two charts were shown at the Meeting illustrating the condition of these 2 cases.)
Dr. John Gillies referred to an article by Ranyard West in the Journal of Physiology, 91, 437, 1938, in which "The Action of Curarine on the Respiratory Mechanism" was investigated experimentally.
He described the features of a recent personal experience where a patient had died three and a half hours after operation for which d-tubocurarine alone was used. The patient, aged 8 weeks, had vomited repeatedly since three days after birth and was in poor condition. At operation no pyloric hypertrophy was found but there were adhesions extending from the second part of the duodenum to the liver and lateral abdominal wall. Separation of the adhesions proved difficult and as kinking of the duodenum still persisted a posterior gastro-enterostomy was performed.
An intravenous injection of d-tubocurarine chloride was administered slowly until a total of 5 mg. had been reached. A profound effect of total paralysis of muscles, including the diaphragm, was achieved. It had been intended to keep the child unconscious by means of cyclopropane but this was judged to be unnecessary particularly as there was already an indication of insensitivity when a vein had been cut down upon earlier for the introduction of an intravenous drip.
Throughout the operation which lasted forty-five minutes controlled ventilation of the lungs with oxygen was carried out. Good oxygenation was maintained as evidenced by the colour of the gut. The pulse, visible in the mesenteric vessels, was regular and the rate was steady at 110 per minute. Thirty minutes after closure of the abdomen spontaneous contractions of the diaphragm started but pulmonary exchange being still inadequate the administration of oxygen by compression of the rebreathing bag was continued. On several occasions the mask was removed from the patient's face and a remarkable alteration in pulse-rate occurred. From a rate of 120 the pulse fell to 20 within one minute. On reapplication of the mask and inflation of lung the pulse-rate was restored to 120.
On the third occasion when this sequence of events was demonstrated inflation of the lung was difficult and the heart stopped finally. Post-mortem examination showed collapse of both lungs which presented the appearance of fuetal lungs and did not float.
In the laboratory the clinical events just described were reproduced exactly in a curarized dog, with the exception that the animal recovered completely.
In view of the accidents that have happened during the clinical use of preparations of curare and the post-mortem findings in such cases Dr. Gillies hoped that anesthetists using this agent would study carefully all the published experimental work.
Dr. John Halton: This milestone in anesthesia must not become a tombstone; but it will unless the physiological factors concomitant on its use are fully understood and recognized by those who employ this useful aid to anesthesia.
Gray has shown conclusively that d-tubocurarine chloride, in clinical dosage, has no toxic action on the heart nor has he found there to be any poisonous effect on the liver or kidneys. It is rapidly excreted and danger lies only in its paralysant action on the mechanism of respiration. Prescott, Organe and Rowbotham, together with other independent workers, have proved conclusively that doses not exceeding 15 mg. given to a conscious patient reduce, very considerably, the tidal exchange; this fact becomes of vital importance when the subject is anesthetized and the respiratory centre made less sensitive to stimuli. Those who employ this drug must learn a new conception of administration, it is not enough that the patient is just breathing. The respirations must be "aided" from the moment of injection until the curare effect has passed off. This may not coincide with the termination of the operation.
Intravenous thiopentone, in clinical dosage, is relatively innocuous and is rapidly eliminated but there is irrefutable evidence to show that it is a potent poison to the heart muscle in the presence of anoxemia, with or without cyanosis. The combination of d-tubocurarine chloride and thiopentone without full oxygenation can therefore be extremely dangerous and is positively lethal to those in whom myocardial function is already embarrassed.
My colleague Cecil Gray and I have been using this drug, in combination with thiopentone and cyclopropane, for two years and have employed it in over 2,000 cases with but one fatal result. We believe that the secret of this form of administration lies in the following fact: These agents potentiate each other to a remarkable degree and this should be played upon, giving just as little of each one as is required to meet the surgical demands and the state of the operation.
Dr. L. 0. Mountford, after hearing Dr. Gillies' report of a case ot fatal bronchospasm following curare, expressed surprise at Dr. Mallinson's preference for intubating the trachea under pentothal anasthesia, and recorded a fatal case of bronchospasm following an attempt at intubation under pentothal alone.
In order to try and eliminate such tragedies, he now cocainized the larynx and trachea prior to the use of either the curare or pentothal technique. Provided the local anaesthesia was carried out thoroughly, spasm appeared to be prevented, but inadequate local anesthesia might be followed by spasm.
Dr. H. B. Wilson: In children I have used myanesin in a series of acute abdomens in order to obtain good muscular relaxation.
The technique employed is to give a general anresthetic, gas-oxygen-ether, to level of lower first plane, or at most upper second plane of third stage of anmsthesia. When peritoneum is reached, myanesin is slowly injected intravenously. Relaxation comes on rapidly (usually in about circulation time) and persists for seven to twelve minutes when it passes off quite suddenly. A further dose of myanesin, usually half the initial dose, brings back relaxation for a period of fifteen to twenty minutes.
Clinically, no change has been noted in respiration or circulation following myanesin. I have had no thrombosis of veins and recovery from anesthesia has been rapid and unaccompanied by post-operative complications.
Dr. Massey Dawkins: The benefits conferred on surgeons and anesthetists by curare are obvious but in the case of the patient it is probable that curare does more harm than good. In a series of some 300 cases which have come under my observation, the mortality rate has been about twelve times greater than that of chloroform. In 50 gastrectomies relaxed with curare the incidence of collapse of the base of the lung, confirmed by X-ray, has been 20 %. Bleeding has been excessive and I have been asked to refrain from giving curare on that ground alone by two of my surgical colleagues.
Dr. Cecil Gray: I have recently completed a careful examination of a large series of cases, and I have been able to arrive at some authoritative conclusions. I must state that with one exception I have yet to hear of any accident following the use of this drug which could be blamed on any unforeseen property or side action. In all the cases of accident which have come to my notice, including those under my care, the administrator has been at fault, not necessarily culpably for the technique of its use is still developing. This applies also to the occurrence of post-operative or indeed operative complications. The incidence of chest complications will, it is true, be high if the patient has been inadequately ventilated during the operation or if he is returned to the ward whilst still curarized.
Dr. Halton has done most useful service by emphasizing once again the need for "aided" respiration in all cases which have received tubocurarine. Figures for the incidence of these complications mean little, for so many factors other than the anesthesia play a part. I am convinced that the use of d-tubocurarine by virtue of the light anesthesia employed must materially reduce post-operative morbidity provided always that the basic physiological facts are borne in mind. Regarding shock, it has been claimed by some that tubocurarine reduces its incidence, by others that it predisposes to collapse. It is also said that it actually has a protective function; this I do not believe, but the absence of deep anesthesia enables the patient to recover more quickly from and to compensate better for any circulatory changes which may occur.
Bronchospasm we have never seen. West's work, which is responsible for the fear of this complication, was done with curarine, not tubocurarine, and was performed on dogs. Different species of animals are notoriously variable in their reactions to these substances and until this work has been repeated using pure tubocurarine it would seem of little value.
There is no evidence of increased predisposition to post-operative ileus in these patients. It seems that in a series of over 1,00O chest cases we should have seen one case-in fact we have not.
Finally, I must mention a case to which I have referred where an unforeseen action of tubarine caused the death of a patient.
A patient, aged 40, was bronchoscoped for a suspected carcinoma of the bronchus. The usual technique of anmsthesia was employed and 15 mg. of d-tubocurarine (tubarine) was followed by 0 5 gramme of thiopentone. Respiration was abolished and remained absent. He was artificially respirated from the beginning and at no time was there any cyanosis. After half an hour 5 mg. of prostigmin with atropine was given with no result. This was repeated after a further half an hour when a little diaphragmatic movement became apparent, but disappeared after five minutes. The response to further doses given one hour and forty-five minutes and two hours and forty-five minutes after the induction of anesthesia was similar. After this last dose, however, the diaphragmatic respiration continued, but did not improve in amplitude. All this time his circulatory condition had not shown any change from the satisfactory state in which the procedure was started. Threequarters of an hour after the last injection of prostigmin he suddenly regurgitated blood-stained abdominal contents in large quantity, some of which entered the bronchial tree. A bronchoscopy was immediately performed and suction instituted. However, the patient's condition deteriorated from this moment and he eventually died five hours and fourteen minutes after the induction of anmsthesia. This case was clearly an exaggerated reaction to a normal dose of tubocurarine-a true idiosyncrasy. That the prolonged respiratory depression was not due to any idiosyncrasy to the barbiturate would seem to be indicated by the fact that there was a small but transient response to the injections of prostigmin. There was no history of any myasthenic symptoms nor was there any thymic tissue found at autopsy. However, there was a very extensive involvement of the left main bronchus by carcinoma. This rendered the whole of the left lung functionless. The right lung showed evidence of the aspiration of a large amount of blood-stained fluid which had undoubtedly reduced the aerating surface of this lung below the minimum required to support life. In the stomach and small intestine there were numerous small punctate hemorrhages which accounted for the blood-stained stomach contents.
The condition was similar to the haemorrhages found by Cole (Anesthesiology, 1946, 7, 190) in dogs poisoned with a very large dose of intocostrin.
The two main dangers of tubocurarine appear to be its use by the inexperienced and the occurrence of regurgitation of stomach contents. This is an insidious "flow back" of the stomach contents due to the abnormal relaxation of the cesophageal muscle and sphincters.
Dr. Barnett Mallinson, in reply to Dr. G. S. W. Organe: I have not had any venous thromboses with myanesin in my cases so far. As, however, pentothal occasionally causes this complication, if too strong a solution has been used, possibly on occasions thrombosis may have occurred in a vein which had also received pentothal.
In reply to another speaker: An account of post-operative respiratory complications in comparable series of cases with and without curare has been published (Mallinson, Anesthesia, 1946, 1, 17) .
In reply to Dr. Massey Dawkins: As to the value of curare I would suggest that the period of experiment and assessment may occupy a long time yet, but that in time the opposite ends of the pendulum swing will approximate in curare finding its niche. Cyclopropane, after all, remained controversial and experimental for a considerable number of years before taking its present established place.
